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The relevant tensor is:

Viw == (p1, 2 | T(J“(a:),]y(y)) 1 0) (1)

where J,, is the EM current. Fourier transforming in = and y with momenta k; and ks
respectively, we can write the most general form for V), which respects all symmetries:

5
Viw = ZAi(s, t, u)TZV (2)

=1

where s, ¢, u are Mandelstam invariants and the tensor basis which respects gauge invariance
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T, = ki k2u_g,ul/k1'k2

o
T, = k:lﬂkll,—gwkf—i-kz%(kgukf—kmkl-kZ)
T = baphey = gk 4 o 1 o by o)
T, = PMP,,—ﬁ(lsg“Pyk;l-P+k1,,P“k:Q-P—ngl-Pk;g-P)
TS, = kl,ﬂm—ﬁ(/gmkwmgmkly—gﬂyxﬁfz{g)
with P = p; — po, we have:
ko ke = g—kf—kg
k- Po= %(u—tﬂ)?—pi)
kp- Po= —%(u—tﬂﬁ—pf)

In the case p? = p3, ki - P = —ky- P = S(u—1).
Bose symmetry requires that:

T,uz/(pvklka) = T,uzz(_Pa klakQ)
- Tuu(kaQakl)

which corresponds also to the exchange u <> t. This then implies that:

A2(37t7u) = A3(S,U,t)
Ai(S,t,U) = Ai(S,U,t) 221,4,5



2 7’7" photoproduction

2.1 Kinematics in Lab frame

(i =
T
Py
le.
1 =
)
s
Definitions:
w = |K|
Pr = prxpa, Py = |Dx|
Py = k—py, Ep=,/p}+ M? (7)

Spherical coordinates: choose k in z direction.

Pr = p+(sinfycos oy, sinfy sin gy, cosby)
1
E? = Z(pfr +p? +2p; p_ cosa) + M2
1
By = (% +p2 —2p p cosa)+ M
cosa = cosfy cosO_ + cos(¢py — ¢_)sinfy sinf_
ﬁf = p2+w’—2p; wcosb, (8)
so that By + Ey = w + M — Ey depends only on p; and 6. From the above we get:
PP COS v
By — By = PP 8% 9
! 2 w + M — Ef ( )

2.2 Differential cross section

1 | M 2
d ) M — E, — By — E;) &*p d’p_
7 T 20n) wMEEE, (w+ 1= B By) dpydp
L | M §(w+ M — By — By — Ef) pip>dcosf,dcosf_do,dp_dp,dp_
2(471')5 CL)MElEQEf e



using that p, p_ cosa =p, - p_ = E? — E2, we obtain:

EqEop_

(w+M—FE,—FEy,—FE;)=4
( ! 2 f) <E1+E2) | pz_—(El—Eg

)2 |(5(p_ - 6—) <1O>

where

= (E1 + EQ)\/(El + E2>2 — p+2 — 4M7%> (11)
- V (E1 + F3)? — p2 cos?
The diff cross section then becomes:

2 | M [? 2 -3
do = (47)> WME(Ey + E) | p2 — (E1 — E»)? | p.p- dcosBdcosO_dp dp_dp,
2 [ MP(E+Ey) pip-

(4m)5 WM E; (Wyy + sina p2)

dcosf,dcosO_dp,dp_dp, (12)

where we can use:

Ei+E = wt+M-FE
(Ey — Ey)? = (By+ Ey)® —4AE\E,

1 1
BiEy = M2 a6t ) ¢ttt con(za)) (13

It is convenient to express the cross section in terms of the invariant mass squared of the
two pion system:

Wen = (BE1+ Ep)? —p2 =2(w* + M? + wM) — 2wp, cosfy —2(w+ M)E; (14)
where W, > 4M? and

Ly
dpy = AW rr 15
P+ 2(py(w+ M) — w(E; + Es)cosby) (15)

One can then write Eq(10) as:

B+ Ey)/Won — 4M?2
_ (E1 + E») o (16)
\/VV7r7r + p%r sin® o

With some work one can replace everywhere py in terms of W, using Eq. (13). For
this, at a given w and 6, one needs that:

W2 — AW, (M(M + w) + w?sin? 0, ) + 4M?w? > 0 (17)

and one gets:

weosfy(2Mw + Wip) £ (M 4+ w) \/—4M2 (Wan — w?) — AMW i rw + 2Worw? cos 204 + Won (Wrr — 2w?)

P+ = 2(M 4 w)? — 2w? cos? 04
(18)



The next step is to determine the physical domain of integration in the angles and W,.
This is being worked out still.

Also, one should find which angular variables are the most convenient to use. This
requires that we know in detail the scattering amplitude’s angular dependencies in order to
make the choice.

2.3 Forward limit

We will be interested in the limit of large p,, small 6, and small to moderate W, which
implies also small .. This also implies that We also want the limit of large w. In that limit
we have:

(E1 + Eo)\/Wyn — 4M?2

P
\/Wm + [32+ sin? «
o w(Wer +2Mw) + (M + W)\ Wor (Wi — AMw) 4 4AM?(w? — W)
Pr = oM (M + 2w)
W7T7l' wa an <2M2 + WWW)
= w — J— —_
2w S M w? 16 M2w3
1 W, Woer (297" +4)
dp. = | — T M AW
P+ <2w Tt 1603
w3 w2
FEr = M
! 16 M2w3 * S M w? +
W2 w3
E1 + EQ = W T a (20)

 8Mw?  16M2w3



3 Primakoff amplitude and cross section
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The scattering amplitude is given by the general expression:

1 14
M = euT;u/(ka Q7p—)@‘] (20)
T, is the Compton tensor, Q* = —¢?, and the target’s EM current in the Lab frame we will

neglect the spin of the target, and therefore we only care about the its charge:
Jt = g"ZeF(Q?); note that we still need to use g,.J” = 0 (21)

where F'(Q?) is the charge FF of the target.

Since we are interested in the region of the Primakoff peak, first we approximate the
amplitude by using the Compton tensor in the limit of real Compton scattering. This is
then directly obtained from the result provided by Bellucci et al. which will be valid for
the small W, regime. Later I will work out a more detailed analysis where the virtuality
@Q? is also included in the Compton tensor, and we will also need to give the amplitude for
intermediate values of W, (works of Oller and of Pennington).

So for small Q? we have the Compton tensor:

1
T = A(Wm,t,U)(éngw—kuqu) (22)
+ 2B(Wir, t,u)(

) (Wor — @®)p_pyp— — 2(k D qup—v + ¢ D_kuD_p — Gk -D— q-D_))

where p_ = p; — po.
The low energy theorem for Compton scattering gives the following constraints:

«
i AT 16MEB)lw.moi=z = 0
[0
—oap AlWe=oi=mz = B (23)



where ;. [, are the electric and magnetic polarizabilities respectively.
For the functions A and B there are low energy results in ChPT (Bellucci et al) at two
loops. The results are as follows:

Gx(s
A(s,t,u) = 4 8}572)(3—M3)+UA+PA
B(s,t,u) = Ug+ Py (24)

where the functions and polynomials U and P are given in Bellucci’s et al., see Appendix A:

G.(s) = —@ <1 + 2M?72 /01 dg log(1 — %xu - x))) (25)

T

Use the integral in terms of dilogarithm functions:

/01 9 1oe(1 — Uzl — 7)) = —Lip (% (v- mﬁ)) ~ Li (% (v+ mw))

x

(26)
where in our case U must be taken to have an imaginary part +ie. At low energy W, <
(0.4GeV)? the t dependence of the amplitudes A and B is very small and can be neglected.
We however should later consider also the effects of @? > 0 and check that claim.

3.1 Amplitude squared

M = éZ%QF?(@% [Awe - q—2B (B — B)((s + Q* +q-p-)e-p- — 2k p_e-q)|
(27)

In the case of unpolarized photon beam we get:



1

IM|? = Q422 EAF?(Q?) (Awg" — 2B (B — Ey)((s + Q* 4+ q - p_)p" — 2k - p_ ¢")
X (A*wq,—2B* (By — E3)((s + Q>+ q-p_)p—p — 2k - p_ q,,)
CZF (Q?)°
—= T

16 | B > pi2 (s — 4]\/.I'7r2)2 cos?(a) (pJr cos(a) — v/p+% + scos(@m)>2

x o =1ap-
4] (p+28in2(a)+s)2

4p+ (S — 4M7r2) CoS(Ck) Re(AB* wg cos(a) — +/p.2 + scos(f
(P+2 sinQ(a)+8)3/2 ( ( ) <p+ () P ( 7>)

X (w\/ s — AM*\/p+2 + scos(0_) — prwv/'s — AM;* cos(a) + (s — Q%) \/p+2 sin?(a) + s)
2 _ 2
+ B P b (s — 4My) cosla) (wv s — 4AM*\/p42 + scos(0_) — pywy/s — 4M,% cos(a)

p+?sin’(a) + s
+ (@*+5) \/pJr sin? >
2 2(__ 2
. (w (pr cos(e) ~ v/pZ T scos(o ) (p4? (—cos(a >>+p+ +5)

Vpi2sin®(a

(29)

3.2 Amplitudes A and B for simulation

We need to have a parametrization which for now gives a sufficiently realistic description for
carrying out simulations.

4 Possible hadronic exchange background

The possible hadronic t-exchange that can contribute to the 7°7° coherent photoproduction
will involve p° and w exchanges. We need to model this.



5 Appendix A

5.1 Uy and P4 in ChPT (Bellucci et al)

2 9 9 2
Us = SpaGals) ((5° = M3)Jx(s) +C(5)) + WﬁF#(s = M2)Jx(s)
N %(s — AM2)(H(s) + 4(5Gr(5) + 2M2(G(s) — 3J1(5)))d2)
1 2
Py, = (i )2F] (ay Mz + ass) (30)

where the constants a; and as need to be fitted, and:

/4 — 25 tan! Mif
2 M2 ( T )

J(s) = —@/O dxlog(l—Mig (=) = 52 | 1 :

[\

Jo(5) = Ja(s) — s7(0)
Gals) = Gals) = sGL(0)
Hﬂ'(

s) = (s—=10M?3) J.(s) +6 M2 G.(s) (31)
and:
Cls) = —— (206 — 25— 2022 + L1y — 2)(as? — 8502 + 160
4872 13 ™ 3V2 7 6 ™ ™

— 3MM + 12M2(s — M2)l, — 125M? + 15M° )
1
dsy, = 5(3 cos? Oopr — 1) (32)

where 0cp is the yy* — w7 scattering angle in CM, and the low energy constants ¢; are
known.

Note that the amplitude depends only on s except for the term dZ,. It is possible that
this term will be entirely irrelevant at low W, (need to check).

5.2 Up and Pg

fo3
S
Us = Sggpepis ()
b
P, =
B CTAL (33)

where b is fitted.



6 Appendix B

CM kinematics

Useful invariants in Lab frame:

2

where we can use:

p+ — Kk

—€-§= —€-py = —pysinb, cos o,
—€-p_ = —p_sinf_cosp_
wZeF(Q?)

k*q, = w(Ey + Ey — p4 cosby)

s —k'pyy

—s+2k"py, = —s+2w((E) + Ey) — pycosby)
w w

2wpy (1l —coshy) +s(— —1) — s> — +---

—ktp_, = —w(Ey — Ey — p_cosb_)

s = 4wly =Dsopy

1
—=v/s(s —4M2)cosboy = k-p- =w(Ey — Ey —p_cosf_)

Ei+Ey = /s+p2
—4AM?2
BB, - P/ S Wcosoz(gﬁ)

\/s+ p2 sin®a

10

(34)

(35)



